Twenty patients with age-related macular degeneration, an absolute central scotoma and a mean visual acuity of 0.04 (20/475) were studied. A scanning laser ophthalmoscope (SLO) was used for microperimetry and determination of preferred retinal locus, often located to the left of the retinal lesion (corresponding to a location to the left of the visual field scotoma), which is considered unfavorable for reading. All 20 patients were trained to use a new and more favorable retinal locus for reading, above (or occasionally below) the retinal lesion (corresponding to a location below or above the visual field scotoma), first by reading scrolled text under simultaneous fixation monitoring and instruction in the SLO and then by reading printed text, using high magnification (mean 14.3Â). For the 18 patients who learned to use eccentric viewing, reading speed with adequate magnification prior to training was 9.0 AE 5.8 words/min. With training (mean 5.2 hours), it increased significantly (p < 0:001) to 68.3 AE 19.4 words per min. Training of eccentric reading has thus proved to be very successful.
Introduction
Many patients with age-related macular degeneration (AMD) develop choroidal neovascularization (CNV), which may result in a disciform scar, an absolute central scotoma and loss of central vision. Such patients often develop a preferred retinal locus (PRL) at a location that is considered unfavorable for reading, often to the left of the retinal lesion, corresponding to an area to the left of the visual field scotoma. Guez, Le Gargasson, Rigaudiere, and OÕReagan (1993) reported that the PRL was located to the left of the visual field scotoma in 60%, Sunness, Applegate, Haselwood, and Rubin (1996) in 63%, and Fletcher and Schuchard (1997) in 34% of the cases. Trauzettel-Klosinski and Tornow (1996) , studying a different type of younger patient, mainly with StargardtÕs juvenile maculopathy, found that 50% of those with eccentric fixation had a PRL above the retinal lesion (below the visual field scotoma). The corresponding figures for the other authors were 25%, 22% and 39%, respectively. Thus, there may be a difference between young and elderly people regarding the location of the PRL. As will be seen, the great majority of the patients in our own material showed a PRL somewhere along the left border of the visual field scotoma. In our experience, fixation to the left of the visual field scotoma seems to be particularly common when a patient is attempting to read. It should be pointed out that we used letters or short words for fixation, and that our patients prepared themselves for reading. It was suggested earlier by Guez et al. (1993) that left-to-right reading, which is the way people learn to read in the Western World, was the reason why the majority of their patients fixated to the left of the visual field scotoma, in particular since they also found that an Arab patient, who habitually reads from right to left, fixated to the right of the scotoma.
Patients may use more than one PRL. They may use a tiny area with reasonable vision in an indentation in the retinal lesion to identify a bus number, but a larger and more peripheral area when looking at larger objects. It was also found that some patients with central scotomas use two different retinal loci for different lighting conditions (Lei & Schuchard, 1997) .
Trying to read with a PRL to the left of the retinal lesion, i.e. fixating to the left of the visual field scotoma, with the scotoma thereby located in the direction of reading, has been shown in several studies to be very disadvantageous, slowing reading speed markedly (Cummings & Rubin, 1992 , studying normal observers with artificial scotomas; Petre, Hazel, Fine, & Rubin, 2000, using RSVP) . This is true, although to a lesser extent, also when using a PRL to the right of the retinal lesion, i.e. when fixating to the right of the visual field scotoma (Cummings & Rubin, 1992; Fine, 1999) .
It has been our experience since the seventies that reading speed improves dramatically if a new trained retinal locus (TRL) is established in an area that is more favorable for reading, i.e. above or below the retinal lesion (below or above the visual field scotoma) (Nilsson, 1990) , sometimes as far out as 12°if necessary. This method of eccentric viewing uses a favorable locus for reading. Fine (1999) and Petre et al. (2000) showed clearly that reading with eccentric fixation is faster in the inferior than in the left visual field. As an example, the area between the optic disc and the retinal lesion (a common PRL in the left eye, to the left of the retinal lesion) is too small to accommodate more than one or two characters when magnified, which impedes fluent and rapid reading. Altpeter, Mackeben, and TrauzettelKlosinski (2000) , studying attentional performance in patients with an early stage of maculopathy, mainly StargardtÕs disease, with a beginning macular scotoma but intact foveal fixation, found that letter recognition performance at 8°eccentricity was best on the horizontal meridian. Such sustained attention augmenting peripheral letter recognition may influence the choice of PRL location after foveal vision loss. However, since a PRL to the left or to the right of a scotoma is normally considered to be unfavorable for reading, training these patients to direct their attention to the lower visual field may be of value.
It has been shown that an area that can accommodate at least four characters is needed for optimal reading of scrolled text in low vision (Legge, Rubin, Pelli, & Schleske, 1985) . Bruggeman and den Brinker (1997) found that, when using a CCTV magnifier, enlarging the window from 4 to 12 characters, increased the reading rate from 77 to 102 words/min. With the magnification needed for AMD patients with a large absolute central scotoma (in our own cases covering an area approximately 8°-20°in diameter), such a rectangular area will be quite large. It would be difficult to find a healthy area of that size and with its full length located reasonably close to the fovea in any other place than above or below the retinal lesion. The patient is trained to look upwards or downwards at a certain angle. If the lesion is approximately circular and centric, we prefer to use the retinal area above the lesion, corresponding to an area below the visual field scotoma since, in our experience, it is generally more important for an individual to see objects in the lower than in the upper visual field.
Since visual acuity is very low at such locations (approximately 0.08-0.02; 20/250-20/1000), high magnification must be used, in most cases 10-15Â. We found that the use of high-power positive lenses (40-60 diopters (D)) mounted in a spectacle frame gives the best result (Nilsson & Nilsson, 1986) . The disadvantage is a very short reading distance of 2.5-1.7 cm. In addition, a CCTV system can also be used for reading. In our opinion, it should rather be complementary to the highpower lenses than used alone, since a CCTV is used at one single place, while the lenses give much more freedom, e.g. for reading forms when visiting a bank or post office.
In our experience, very few elderly people learn to use these high-power devices and eccentric viewing in a proper way by themselves. For all others, training by a skilled low vision therapist is essential for success. We find that the short reading distance associated with the high-power lenses increases the need for training, but we find that all devices, such as stand magnifiers and CCTV systems also require training for successful use. In an earlier prospective and randomized study of 40 patients with advanced AMD, 50% of the patients needing eccentric viewing, Nilsson (1990) showed that all 20 in the trained group learned to read at a good speed, approximately 75 words/min, on average, after only 4-5 hours of formal training, which was far superior to the results with instruction alone (20 min, by a highly qualified low vision optometrist) in the untrained group, where only 25% learned to read, and in those patients with a speed of only 23 words/min. It is important to point out that reading speed is a better parameter than visual acuity when reporting results of rehabilitation, since reading is much more demanding than identifying a few letters on an acuity chart.
For some years, we have been using a scanning laser ophthalmoscope (SLO) and software produced by our group for diagnostic work and initial training of eccentric viewing (Frennesson, Jakobsson, & Nilsson, 1995) . The SLO offers new possibilities for establishing eccentric viewing in a more precise manner, under simultaneous control of the retina on a video screen, as will be described below. Furthermore, videotapes are excellent for demonstrations of the procedure and the results of rehabilitation to other scientists and practitioners. Some of our initial work was reported earlier in preliminary form (Nilsson, Frennesson, & Nilsson, 2000) .
The present prospective study reports on 20 consecutive patients with severe AMD and large absolute scotomas who were formally trained to use eccentric viewing and a new TRL, and who were examined in the SLO before and after training. The results are presented as reading speed (words/min) when reading novel text.
Material and methods
The material comprised 20 consecutive patients consulting the Link€ o oping University Department of Ophthalmology or referred by private practitioners, 16 women and 4 men, mean age 77.4 AE 6.0 years, range 64-86 years, with advanced AMD and an absolute central scotoma, and with a mean visual acuity of 0.042 AE 0.016 (20/475), range 0.08-0.02 (20/250-20/1000) in the study eye. In 18 of the cases, the study eye was the worse eye, since we wished to avoid using patients who had already been trained to use eccentric viewing. (Choosing the best eye in all patients would have meant that these had already been familiar to the principle of eccentric viewing from previous training of the worse eye. The present study was primarily designed to meet scientific requirements, and we did not expect these 18 patients to use the trained eye for reading immediately after the study but later, should the best eye deteriorate.) In one patient, the acuity was approximately the same in both eyes, and in another patient, the best eye was the study eye. In this latter patient, the worse eye could not be trained because of a very rapidly progressing lesion, leading to an unusually large scotoma and a visual acuity of 20/2000. None of the patients had been exposed to any rehabilitation measures prior to the study. Neither had any of the patients been able to read when enrolled in the study, since their acuity was so low and since they had previously had no access to high magnification devices.
The patients were all examined for best corrected distance visual acuity (Snellen chart, used at shorter distances and results converted), intraocular pressure and anterior or posterior segment changes by slit lamp biomicroscopy. None of the patients had any indications of glaucomatous changes or lens changes of importance for visual acuity. Many of the patients had been examined by fluorescein angiography at an earlier stage because of suspected CNV. All patients showed a disciform scar, i.e. the end stage of exudative AMD.
Microperimetry of the macular area was performed in a scanning laser ophthalmoscope (SLO) (Rodenstock, Germany), allowing direct fixation control and an exact delineation of the scotoma (Fig. 1 ). The procedure was followed on a monitor and the results stored in the computer and on diskettes. Only patients with an absolute central scotoma were included in the study.
The location of the patientsÕ PRL was determined in the SLO by having the patient look for and fixate a letter large enough to be clearly identified (Fig. 2) . The patient was then asked to read horizontally scrolled text, presented in the SLO at a magnification of 8-15Â, as required in relation to visual acuity (Fig. 3) . Scrolled text was used to mimic reading with high-power lenses, in which case the text is moved from right to left in front of the eyes. The location on the fundus of the PRL and of the scrolled text is stored in the computer and recorded on videotape. A microphone is connected to the videocassette recorder to allow monitoring of the patientÕs attempts to read when the tape is later reviewed.
Like Cummings and Rubin (1992) , we have found reading on both sides of and across a visual field scotoma and the blind spot (corresponding to the optic disc) to be very difficult and have achieved greater success with areas above (or perhaps below) the retinal lesion. Such areas are wide enough to accommodate at least four magnified letters, which is necessary for maximum reading speed (Legge et al., 1985; Petre et al., 2000) (Fig. 4) .
Eccentric viewing is now introduced to the patient by first presenting a large letter in the center of the macular Fig. 1 . Microperimetry performed in a scanning laser ophthalmoscope (SLO) in a 71-year old female patient with advanced AMD and an absolute central scotoma. Visual acuity 0.02 (20/1000; finger counting at 1 m). The stimuli represented by round spots were seen by the patient, whereas stimuli represented by triangles were not perceived. Figs. 1-3 and 6-10 are all from this patient. Fig. 2 . The patient uses a preferred retinal locus (PRL) to the left of the lesion (scotoma) for fixation, as indicated by the letter H. This is an unfavorable location for reading. Fig. 3 . When the subject tries to read scrolled text, she uses her PRL, letting the text image pass over the lesion and the optic disc. This slows reading speed substantially. (The letters are perceived as upright by the patient but upside-down by the observer.) Fig. 4. An area above or, which is often less desirable, below the retinal lesion (below or above the visual field scotoma) is a much more favorable location for reading, since there are no blind areas at this horizontal level. This area is indicated by a rectangle in the fundus photograph from a patient with macular changes. lesion, invisible to the patient. If the retinal lesion is approximately symmetrical, the patient is asked to look slightly upwards, more and more until he/she can see and identify the letter (Figs. 5 and 6). The patient will then be trained to use of this locus as the new TRL. If the lesion is fairly asymmetrical, with its lower edge markedly closer to the foveal center and possibly with much better acuity than the area above the lesion, looking downwards is also tested.
To facilitate eccentric viewing in the initial stage, we use a computer program, originally developed by our group for use with a video display (Frennesson et al., 1995) . The program can now also be used in the SLO, through the external input. A large cross is generated by the laser, extending across the entire width of the SLO screen. The center of the cross is omitted to accommodate a large letter. The patient is asked to fixate the center of the cross (Fig. 7) . The letter is invisible to the patient since it is located in the scotoma. The horizontal line is then moved upwards (or downwards) on the SLO screen step by step, and the patient is instructed to follow it until he/she can clearly identify the letter (When the horizontal line is moved upwards on the SLO screen, directing the patientÕs fixation and gaze upwards, the line together with the fundus and the lesion is seen to move downwards on the monitor.) (Fig. 8) . This indicates the degree of eccentricity needed for the new locus, the TRL. By varying the letter size, the visual acuity and the need for magnification can now be determined at this eccentricity. To facilitate reading, it is important to increase magnification slightly above the threshold.
To ensure that the width of the retinal area is not restricted, words of four or more letters are generated in the same place (Fig. 9) . For fluent reading of scrolled text, the patients must be able to see at least four letters at the same time, as was mentioned above. New words Fig. 5 . In severe AMD, central fixation places a letter in the foveal center, i.e. within the macular scar, corresponding to the visual field scotoma (left part of figure) . By looking upwards, thereby moving the retinal lesion downwards and elevating the visual field scotoma, the letter is projected onto healthy retina above the lesion and seen below the scotoma (right part of figure). Fig. 6 . The SLO image shows the letter V above the lesion in eccentric viewing. This area will become the trained retinal locus (TRL). Fig. 7 . To facilitate the initial training of eccentric viewing and to help the patient understand where to place his/her new and favorable TRL, a large cross is generated in the SLO screen, viewed by the patient. The center of the cross is omitted to accommodate a large-size letter. The patient is told to fixate the center of the cross. The letter is now placed in the center of the retinal lesion (visual field scotoma) and is invisible, as demonstrated in the figure. Fig. 8 . The horizontal bar of the cross on the SLO screen is then elevated step by step, and the patient is told to follow the moving bar so as to fixate the center of the cross all the time. This means that the projection of the bar on the retina gradually moves downwards together with the lesion until the projection of the letter on the retina finally becomes visible above the retinal lesion (below the visual field scotoma), as demonstrated in the figure. (Note that the horizontal bar is moving in one direction on the SLO screen, viewed by the patient, and its projection on the retina in the opposite direction.) The patient is repeatedly trained to find his new TRL. Fig. 9 . Training is continued by presenting words (TABLE) in the TRL.
are successively generated in the same place, the new TRL, in order to help the patient become accustomed to and memorize the correct angle of eccentricity.
Scrolled text with the necessary magnification is now presented in the SLO, initially at a very low speed. The patient is asked to read the text using the same eccentricity (the TRL) (Fig. 10) . The location of the text on the fundus is followed simultaneously on the monitor and the patient can be instructed continuously to look in the correct place. At first, most patients have a tendency to return repeatedly to the original situation, i.e. trying to read on both sides and across the retinal lesion/visual field scotoma. Training is essential and the SLO is initially of great help, since it is possible to check the patientÕs fixation continuously and repeatedly correct him/ her. The SLO session takes approximately one hour.
As an alternative to the computer program described, the low vision therapist can introduce eccentric viewing by letting her forefingers, held at both sides of her face, indicate a horizontal line at the level of the tip of her nose. The patient is told to look straight at the therapistÕs nose, between the tips of her fingers. At that moment, the tip of her nose is hidden in the scotoma and is invisible to the patient. The therapist then raises (or lowers) her fingers slowly, and the patient is asked to follow them until he/she can see the tip of her nose below (or above) the visual field scotoma. This indicates the approximate angle of eccentricity needed and helps the patient understand the principle of eccentric viewing.
Following this stage, the patient is trained to read printed text. To obtain the magnification needed, we use high-power positive lenses, mounted in a spectacle frame, the fellow eye being blurred by an opaque lens. Normally, lenses of 40-60 D, giving a magnification of 10-15Â, are used seldom 32 D ¼ 8Â. In our experience, telescopes are not suitable for reading in elderly people, since even minor head movements are amplified in the visual field, which disturbs reading significantly. The disadvantage of high-power lenses is the very short reading distance: 2.5 and 1.7 cm for 40 and 60 D, respectively. Most patients dislike this very much at first. An experienced low vision therapist informs the patient that this is a natural reaction and that the short distance is accepted by the great majority after some training, when the patients appreciate that it actually works very well. This is the point in the program when it is more important than ever to motivate the patient actively. Having received a lens with the correct magnification, fitted in a frame, and with professional instruction and trials regarding the exact reading distance, how to move the text from right to left in front of the eye and how to hold and firmly support the text, the patient is tested for reading speed (words/min), prior to formal training of reading eccentrically in a book. For the test, the patients were told to read in the same way as they had tried to do at home, and they were not encouraged to change their fixation pattern at this point. The patient must try to read an ordinary novel text aloud for three minutes. Incorrectly read words are deducted from the result, expressed as corrected reading speed.
Formal educational training is started by using a special training book with help-lines above (and below) the text, which has single short words at the beginning (Fig. 11) (B€ a ackman & Inde, 1979) . The patient fixates a suitable help-line (or between or above), which gives the correct eccentricity for reading the word, using the newly established TRL.
The text, which is moved from right to left in front of the eye, has to be supported firmly, for instance by placing the elbows firmly on a table or pressing them against the sides of the body.
When reading single words in the training book is satisfactory, the help-lines can be abandoned and the Fig. 10 . Finally, scrolled text is presented in the SLO and the patient is trained to use his/her TRL for reading, first at a very low speed and then faster. It is a great advantage that this can be done under simultaneous and perfect control on a video monitor, allowing us to instruct and correct the patient precisely and continuously. patient instead reads regular novel text, remembering eccentric fixation.
In our Low Vision Clinic, we have found that the use of one-hour training sessions with the low vision therapist, separated by one week of training as homework, gives a very satisfactory result. When training has been found sufficient (after a steady eccentric fixation and a fluent reading has been achieved), the patient is again tested for corrected reading rate (words/min), reading unfamiliar novel text for three minutes. Furthermore, the patient is again examined and video recorded in the SLO for documentation of eccentric fixation when using the new TRL for reading. A microphone connected to the videocassette recorder allows monitoring of the patientÕs reading when the tape is reviewed. Videotapes recorded from the SLO are extremely valuable when demonstrating to other scientists and practitioners how to outline the lesion (scotoma) precisely, how to locate a PRL, how to train a new TRL, how the patients read hesitantly and halting prior to training and how most patients read at a good speed after training.
Mental alertness may be important to the training results. Therefore, each patient was evaluated subjectively for mental alertness by two of the authors after an initial interview and examination. Alertness was graded from 1 (poor) to 4 (very good) on the basis of the patientÕs memory capacity regarding himself and his family, the ability to describe his own situation, the ability to understand his disease, and the ability to understand the proposed rehabilitation program.
Statistics: Result figures are given as the mean followed by the standard deviation, e.g. 9.0 AE 5.8 words/ min. For statistical differences, e.g. between reading speed prior to and after training, StudentÕs two-sided ttest was used. Possible associations between different result parameters, such as age, magnification, mental alertness and corrected reading speed after training, were investigated by calculating the correlation coefficient.
The study was approved by the Ethics Committee of Link€ o oping University.
Results

Visual acuity
Mean visual acuity was 0.042 AE 0.016 or 20/500, range 0.08-0.02 or 20/250-20/1000.
Mental alertness
Mental alertness was judged as 3.0 AE 0.8, on average, on a scale from 1 (poor) to 4 (very good).
Preferred retinal locus
Eleven patients (55%) had a PRL to the left of the retinal lesion (corresponding to a location to the left of the visual field scotoma) at or close to the horizontal level of the foveal center (Fig. 2) . Six patients (30%) had a PRL just outside the upper left part of the retinal lesion and two patients (10%) just outside the lower left part of the retinal lesion. In one patient (5%) with a fairly asymmetrical lesion, the right border being much closer to the foveal center than the other borders, the PRL was located to the right of the retinal lesion (to the right of the visual field scotoma). All these PRLs are generally considered to be located unfavorably for reading. The PRL shown in Fig. 2 can accommodate one letter only. Two patients showed a second and less frequently used PRL, in both cases outside the upper left corner of the retinal lesion, in addition to a more stable PRL, also to the left of the lesion but at the horizontal level of the foveal center.
Magnification and reading distance
The positive lenses used had a mean power of 57.2 AE 7.6 D, range 32-60 D, i.e. a mean magnification of 14.3 AE 1.9Â, range 8-15Â. This corresponds to a mean reading distance of 1.75 cm, range 3.1-1.7 cm.
Eccentric viewing
It was possible to train eccentric viewing and establish a new and favorably located TRL successfully in 18 (90%) of the 20 patients. One patient tried hard but, in spite of 5 h of training, she still continued to use her PRL, located to the left of the retinal lesion. Her absolute scotoma was extensive along the vertical axis but rather narrow along the horizontal axis, and she was able to read 22 words per min with 15Â magnification before training. It seems that she used her retina on both sides of the lesion for reading (slowly), combining input Fig. 11 . After training in the SLO, the patient is provided with highpower positive lenses and is trained to read printed text at a very short reading distance. To facilitate eccentric viewing and use of the new TRL, text with help-lines printed above (and below) the words and sentences is provided initially. (Modified from B€ a ackman & Inde, 1979, with permission.) from both sides of the scotoma. A second patient, 83 years old, with a very large lesion and who was unable to read a single word with 15Â prior to training, gave up at the second training session. He refused absolutely to use the short reading distance.
Trained retinal locus
To establish a more favorable retinal locus for reading, an area above the retinal lesion (below the visual field scotoma) was selected for the TRL in 12 (67%) of the 18 patients who were able to learn eccentric viewing. In six patients (33%), the area below the retinal lesion (above the visual field scotoma) was a clearly better alternative. The mean angle of eccentricity, measured in the video recordings, was 7.8 AE 2.0°, range 5°-12°.
Training sessions
The mean number of one-hour formal training sessions with the low vision therapist was 5.4 AE 1.2, range 3-7, for the 18 patients who learned to use eccentric viewing, and 5.2 AE 1.4, range 2-7, including also the two other patients. The formal training sessions were separated by approximately one week of homework.
Reading speed prior to and after training
Mean reading speed with adequate magnification but prior to formal training, was 9.0 AE 5.8 words/min, range 3-26 words/min, for the 18 patients who later learned to use eccentric viewing, and 9.2 AE 6.6 words/min, range 0-26, for all 20 patients.
After formal educational training, the mean reading speed increased to 68.3 AE 19.4 words/min, range 28-115 words/min, for the 18 patients who had learned to use eccentric viewing, a highly significant (p < 0:001) improvement. The patient who reached only 28 words/min (3 words/min initially) suffered from a neurosis and was under pharmacological treatment for anxiety attacks. The second lowest result was 50 words/min (also 3 words/min initially).
The results after training, i.e. reading speed, were investigated for possible correlation with several other variables, i.e. age, magnification, degrees of eccentricity of the TRL, reading speed prior to training, number of training sessions and mental alertness. Reading speed after training was positively correlated with reading speed before training (r ¼ 0:71; p < 0:001) and mental alertness (r ¼ 0:90; p < 0:001), and negatively correlated with degree of magnification (r ¼ À0:49; p < 0:02) and number of training sessions (r ¼ À0:51; p < 0:05). However, reading speed after training was not correlated either with age (r ¼ À0:34; p > 0:1) or degrees of eccentricity of the TRL (r ¼ À0:12; p > 0:5).
Discussion
The present paper shows that 90% of the patients in this group of subjects with severe AMD, a large absolute central scotoma and a PRL generally considered to be located unfavorably for reading, could be trained to use eccentric viewing and a new and more favorably located TRL. After an average of only 5-6 h of formal training, they were able to read at a good speed, in spite of the fact that they were more than 77 years old, on average, and that their best corrected visual acuity was as low as 0.04 (20/500), on average. It is important to point out that reading with eccentric viewing was documented in video recordings in the SLO. Via a microphone input, it is also possible to hear the patient read, before and after training, when reviewing the video tapes. Such demonstrations are valuable and convincing.
As mentioned in the introduction, the great majority of the patients in our material had a PRL located along the left border of their retinal lesion (visual field scotoma), which may be related to the fact that our patients prepared themselves for reading and that we used letters or short words for fixation. As suggested by Guez et al. (1993) the fundamental reason may be that in our part of the world, we learn to read from left to right.
The high magnification (up to 15Â) and the very short reading distance (down to 1.7 cm) required at such an eccentricity, makes it very difficult or impossible for elderly people to learn the principle of eccentric viewing by themselves. We found that formal educational training by an experienced low vision therapist is essential. Almost every patient dislikes the short reading distance at first and must be encouraged to continue through the assurance that most patients manage very well after some training. The need for training was pointed out early by Holocomb and Goodrich (1976) and by Goodrich and Quillman (1977) . Goodrich and Quillman (1977) and Holocomb and Goodrich (1976) used a strobe to create an afterimage in the patientÕs visual field corresponding to the optimal area of the retina in order for the patient to learn how to fixate. We describe newer methods, employing modern equipment, to facilitate determination of the angle of eccentricity needed, and for the initial training of eccentric viewing and eccentric reading, including computer software for use with a video display or in an SLO. In our opinion, the SLO is the best alternative, since the patientÕs PRL and TRL on the retina can be seen on the computer monitor connected to the SLO, and because the patient can be instructed exactly and continuously on where to fixate and read. Before we started using an SLO, we showed the good stability of a newly established TRL by taking repeated photographs in a fundus camera with a fixation object (Nilsson, Frennesson, & Nilsson, 1998) .
Instead of having the patient look upwards (or downward), a prism giving the correct eccentricity can be used together with the high-power positive lens (Romayananda, Wong, Elzeneiny, & Chan, 1982) . We have tried this, but have found it less attractive, in particular since the lesion (scotoma) tends to increase and the increase in eccentricity required is generally more easily and economically compensated by having the patient look a further one or two more degrees higher up than exchanging the lens with its prism.
When evaluating the results of rehabilitation, most papers report on visual acuity (in this case near acuity) before and after training. This is a much less valuable measure of visual performance than reading speed, which is considerably more demanding than identifying single letters on an acuity chart. A good near vision acuity (often in an unfavorably located PRL) with a device does not indicate that a patient can actually read, at least not if an absolute scotoma is present and eccentric viewing is necessary. This discrepancy between visual acuity and reading ability is particularly obvious in patients with an absolute central scotoma surrounding a small central island with fairly good visual acuity but insufficient size for reading (Trauzettel-Klosinski & Tornow, 1996) .
Reading speed increased dramatically after training in the 90% of the patients who accepted and learned eccentric viewing from an average of 9 words/min, which is far from fluent reading, to an average of 68 words/min, a highly significant and for the patient most important improvement. The result should be compared to the reading speed for persons of the same age but with normal visual acuity. It was reported that a group of persons with good acuity and an average age of 77.3 years, i.e. matching our own group exactly, had an average corrected reading speed of only 82 words/min (Lott, Haegerstrom-Portnoy, Schneck, Brabyn, & Gildengorin, 2002) . One of our 18 patients did not reach a very good speed, 28 words/min, in spite of a steady eccentric fixation, but this patient had severe psychiatric problems. Except for this patient, the range was 50-106 words/min. When looking for variables that may predict the outcome of rehabilitation (correlation coefficients), it was found that the faster a patient was able to read with the correct device prior to training, and the better the mental alertness a patient showed, the better was the result after training. When the highest magnifications had to be used, less satisfactory results were achieved. The negative correlation of reading speed after training with the number of training sessions seems to indicate that the poorer readers, who needed more training sessions, did not improve as much as the better readers, in spite of more sessions, i.e. a very large number of training sessions may not be cost-effective.
Our results were achieved with a fairy low number of formal training sessions, 5.4 on average, which also means a limited cost.
Our technique works well for the great majority of patients down to a visual acuity of 0.04 (20/500) and in many cases also for patients with a visual acuity of 0.03 and 0.02, provided mental health is acceptable. We showed earlier in an AMD patient material, where nobody could read newspaper text initially, that 92% could read such text at a good speed after rehabilitation. At follow-up five years later, 56% could still read newspaper text at a good speed, which means that the results of rehabilitation of patients with AMD are reasonably longstanding. With more powerful aids and additional training, as many as 80% could read such text, indicating that the patientsÕ situation can be improved successfully if progression occurs (Nilsson & Nilsson, 1986) .
In conclusion, rehabilitation of patients with severe AMD and an absolute central scotoma can be very successful and rewarding. We describe valuable techniques, including computer software, a video display and an SLO, for introduction and training of eccentric viewing and establishing a new and favorably located TRL. If patients can regain their reading ability, this is not only of major importance and satisfaction but also cost-effective to society, since the need for help will be greatly reduced.
